Background. Comorbidity remains a matter of international interest, given growing prevalence of chronic conditions. Objective. To evaluate the impact that adding a telephone coaching intervention by a family physician to usual care has on reducing resource consumption and improving health status, caregiver burden and quality of life among complex chronic patients (CCP) compared with usual care. Methods. A randomized controlled trial was conducted on a random sample of CCP from three primary care teams in Barcelona. Patients were randomly allocated into intervention or control groups. Evaluations were conducted at baseline and after six-month follow-up. Intervention patients were phoned twice a month by a family physician. Both groups received usual care. Primary endpoint was change in total number of urgent visits per patient. Secondary endpoints were changes in health and mental status, quality of life and caregiver burden. Results. Hundred and sixty-one CCP were included. During follow-up, 9 patients died and 2 were lost. At baseline, patients' characteristics and resource consumption were similar for both groups. After six months, urgent visits per patient decreased in intervention (1.27 baseline versus 0.89 follow-up, P = 0.091) and control (1.06 baseline versus 0.86 follow-up, P = 0.422) groups, mean difference 0.18 [confidence interval (CI) 95% −0.48 to 0.84]. Intervention patients improved in the physical component of the SF-12 questionnaire, while worsening in control patients, mean difference 4.71 (CI 95% −9.03 to −0.41). Differences were not found in the rest of the endpoints. Conclusion. The intervention did not reduce urgent visits among CCP neither improved patient's health.
Introduction
The populations of developed countries currently live longer but experience a higher prevalence of chronic conditions (1, 2) . Eighty per cent of the health care budget in these countries is devoted to chronic patient care (3) . Health policies aimed at addressing this rising burden of comorbidity are still a matter of growing international interest (4) . Despite a lack of clear evidence, policymakers assume that better and continuous care for chronic patients will improve their health and therefore reduce unplanned hospital admissions and health care costs. The health systems in developed countries are implementing innovative measures in health care services in pursuit of a triple aim: higher patient satisfaction, better health status and lower health service costs. To this end, the Catalan Government has launched, within the new Health Plan, the Chronicity Prevention and Care Programme (5) , aimed at providing care for complex chronic patients (CCP) in the context of an integrated care approach (6, 7) . This group of patients is defined as having a high level of comorbidity for chronic conditions, high use of health care resources and multiple unplanned hospital admissions. Several definitions, using different criteria, have been coined to designate these patients but a consensus has not yet been reached. Therefore, clinical criteria remain the main tool for confirming whether a patient meets the CCP profile. A broad set of interventions are being implemented as part of the programme in hospital and primary care settings, such as introduction of population stratification system using clinical risk groups (CRGs) (8) , design of local integrated care pathways, shared ICT between clinicians and between patients and professionals and promote an alternative remote care model substituting face-to-face visits with virtual contacts like telephone and electronic messaging, among others (6) despite some of them having little empirical evidence.
It is widely known that effective ambulatory management of chronic patients in primary care settings reduces avoidable hospital admissions (9, 10) . Among many other innovations, telephone coaching has been proposed to improve the effectiveness of care provided by primary care teams to chronic patients. International evidence on the effectiveness of telephone health coaching in avoiding chronic patients' readmissions to hospital is controversial. Whereas some studies show a relative reduction in hospital readmissions among elderly patients with heart failure or specials needs (11) , an evaluation of Birmingham's Health Coach Service showed an increase in hospital admissions and secondary care costs in patients included in the intervention group (12) . Another recent Australian study that evaluates the effectiveness of a telephone coaching service provided to members of a private health insurance fund, did not reduce hospital use or associated costs, compared with matched controls (13) . Regarding health status, one review evaluating the effectiveness of telephone coaching suggested an improvement and also observed a little evidence of increase in quality of life (14) .
Current cutbacks in health care spending due to the economic crisis mean that now, more than ever, the effectiveness of health care measures and policies needs to be proven before they are widely implemented by national and regional governments.
The aims of this study are, firstly, to determine whether the adding of a telephone health coaching intervention by a family physician to usual care for CCP reduces the use of health care resources (including emergency visits and urgent hospital admissions), and secondly, whether such an intervention has a positive effect on health status, quality of life and caregiver burden compared with usual care. Our study has been performed in a public European primary care system with universal coverage and high structural quality (15) and, unlike other previous studies, the telephone coaching intervention was carried out by a family physician.
Methods

Study design
A randomized controlled trial was carried out comparing the telephone coaching intervention with usual care.
Study population
The study was conducted in three primary care teams located in medium-high socioeconomic urban areas in Barcelona city (Casanova, Borrell and Les Corts).
The inclusion criteria were patients being classified by the 'CRGs' as having status-severity levels 6-4, 6-5, 7-3, 7-4 or 7-5 and subsequent validation by their family physician as meeting the CCP profile. According to this stratification system, status 6 corresponds to significant chronic disease in multiple organ systems and status 7, to dominant chronic disease in three or more organ systems. Each status level is also divided in six severity levels (8) .
Family physicians conducted validation taking into account the criteria described in the document compiled by the Catalan Health Institute's clinical complexity care management units for the area of Barcelona (16) and the clinical profile described in the health Chronicity Prevention and Care Programme mentioned above (5, 6) .
The exclusion criteria were: refusal to participate, being institutionalized in a nursing home or in a long-term care centre, terminal conditions (17) , patients with cognitive impairment without a caregiver or whose caregiver also has cognitive impairment, patients with severe hypoacusis or a language barrier and absence of a main caregiver, patients included in a 'Post-discharge programme', patients not attended to at the primary care centre in the previous 6 months, those living outside the primary care team's catchment area and patients usually cared for by their private medical insurance physicians.
A database of the population meeting the CRG criteria was requested from the Catalan Health Department. Subsequently, a random sample was extracted from this database. Random selection was done by means of systematic sampling, considering an equal probability of selection for each patient. After subsequent validation by their family physician as meeting the CCP profile and application of the exclusion criteria, the remaining patients were invited to participate by telephone.
When accepted, included patients signed an informed consent. Included patients were randomly allocated to the intervention or control group by means of a computer-generated randomization list considering a simple randomization with a 1:1 allocation ratio. The randomization was performed by the statistical researcher (BK). Principal investigator (MGO) informed the patients and physicians about the allocation.
Intervention
The intervention was performed by an intervening family physician, external to the primary care team, between October 2013 and December 2014. Patients in the intervention group were assessed in a first visit at the primary care centre or at home if they were usually attended by the Home Care Programme before enrolment. Furthermore, patients in the intervention group were contacted twice monthly by telephone, in addition to their usual care. Patients in the control group continued only with their usual care. The intervention period lasted six months, and each patient in the intervention group received 11 phone calls (two weeks after the first face-to-face visit, they received twice monthly phone calls since complete the 6 months of follow-up), with a length comprised between 5 and 8 minutes. The phone calls were equally distributed during the intervention period. If the patient didn't answer the telephone, two additional attempts were performed. If contact was not achieved, the intervening family physician waited since the next scheduled call. During each call, the intervening family physician asked patients about their current health status and symptoms, medication adherence, possible side effects of treatment, and the presence of social problems or any other contextual problem that might affect their chronic health conditions. If the patient had a caregiver, the physician talked also with them. The physician also reviewed the patient's electronic clinical record in order to ensure awareness of any clinical incidence regarding test results, visits to specialists, changes of treatment, hospital admissions or emergency visits.
The intervening physician noted down any symptom of suspected clinical decompensation identified during the telephone interview and made the pertinent recommendations to the patient's usual providers (family physicians). The content of each call was registered in the patients' medical records.
When the intervening physician found the patient in a stable clinical situation, they provided counselling. Recommendations were related to improving patients' self-management skills, identifying red-flag symptoms requiring medical care, promoting appropriate diet and physical activity and providing caregiver support, according to the Clinical Guidelines and protocols of the Catalan Institute of Health.
Control patients received usual care from their usual primary care providers over the six-month follow-up period.
Data collection
All patients (intervention and control) received two evaluations by means of face-to-face interviews at the primary care centre: one at the time of enrolment (baseline) and another six months later, at the end of follow-up (6 months follow-up), performed by their usual providers (nurses of the primary health care team) and members of the research team, who were not blinded.
The following data were collected from each patient: age, sex, chronic treatment (number of medicines registered as chronic in patients' electronic prescription), belonging to the Home Care Programme or not, and use of health care resources (any kind of emergency visit or hospital admission) in the six months prior to enrolment for baseline and during the six months of follow-up. Additionally, several tests previously validated for the Spanish population were performed to measure the following: comorbidity (Charlson index) (18) , functional status (Barthel index: 100 no dependence, 60-95 slight dependence, 40-55 moderate dependence, 20-35 severe dependence, <20 total dependence) (19) , cognitive status (Pfeiffer test: 0-2 normal, 3-4 mild impairment, 5-7 moderate impairment, 8-10 severe impairment) (20) , pressure ulcer risk (Norton scale: >18 low risk, 14-18 medium risk, 10 <14 high risk, <10 very high risk) (21), social risk (Gijón test: 5-9 normal, 10-14 social risk, ≥15 social problem) (22) , health-related quality of life (SF-12 Health Survey: from 0 to100) (23) and caregiver burden (Zarit test: <46 no overburden, 46-56 mild overburden, >56 severe overburden) (24) .
Emergency visits and hospital admissions were registered during the interview with the patients and later contrasted with their clinical records, Shared Medical Records for Catalonia, and the reference hospital database (Hospital Clínic in Barcelona). Visits to both public and private health services were included. Minor discrepancies were found. With respect to the public system visits, data from the clinical records prevailed over the interview. For private visits, the interview was prioritized.
Variable definitions (endpoints)
The main endpoint of the study was the change in the total number of urgent visits per patient (including those provided by out-of-hours urgent care centres, 24-hour emergency services, emergency room and urgent hospital admissions) during the six months of the followup period, with respect to the previous six months.
Secondary endpoints included changes in the following: comorbidity (Charlson index), functional and cognitive status (Barthel index and Pfeiffer test, respectively), social risk (Gijón test), health-related quality of life (SF-12 Health Survey), caregiver burden (Zarit test), pressure ulcer risk (Norton scale) and chronic treatment (number of medicines registered as chronic in patients' electronic prescription).
Sample size calculation
To detect relative changes of 50% assuming that the mean emergency admissions per patient at baseline is one, with a 90% power, 95% confidence level and 10% loss rate, we estimated that a minimum sample size of 156 participants (78 patients per group) would be needed for the study.
Statistical analysis
Descriptive data are presented as means and standard deviation (SD) for continuous variables and numbers and percentages (%) for categorical variables. Quantitative variables were compared using paired t-test or the independent samples t-test. Chi-square test was used for the comparison of categorical outcomes. All significance tests were two-tailed and values of P <0.05 were considered significant. All analyses were conducted using the R version 3.0.3 for Windows statistical software package.
Results
Baseline characteristics of study groups
In the Catalan Health Department's CRG database, 22 140 patients corresponded to the three areas of Casanova, Borrell and Les Corts. After applying CRG criteria, a total of 4622 patients remained ( Figure 1) . A random sample of 1007 patients was extracted from this population. The family physicians validated 453 patients as meeting the CCP profile. Once exclusion criteria had been applied, 297 remaining patients were invited to participate by phone: 84 declined and contact could not be made with 52. Finally, a total of 161 patients were enrolled, 85 (52.8%) women and 76 (47.2%) men. The mean age was 80.5 (SD 10) years. A high burden of comorbidity was observed (average 3.9 and SD 1.7), measured using the Charlson index. The mean functional status assessed by means of the Barthel index was 80.7 (SD 23.9), which reflects slight to moderate dependency. Forty-one patients (25.5%) were usually cared for at home via the Home Care Programme. About one-third of the total (36.6%) presented social risk according to the Gijon test. A principal caregiver was identified for 62 (38.5%) patients: 24 (14.9%) formal or salaried caregivers, and 38 (23.6%) informal. Of 38 informal caregivers, 28 were interviewed and 5 (13.2%) displayed caregiver overburden (Table 1) .
Intervention and control patients were similar in their baseline characteristics (Table 1) .
During the six-month intervention period, nine patients died (four from the intervention group and five from the control group) and two were lost to follow-up (one from each group). The baseline characteristics of these patients were similar to those of patients who completed the study. Patients in the intervention group answered a mean of eight calls during follow-up.
Quality of life, functional and mental status, pressure ulcer risk, comorbidity and chronic treatment As Table 2 shows, the physical component of health-related quality of life improved in intervention patients after intervention (33.6 baseline versus 36.1 follow-up, P = 0.834), whereas a decrease was found for control patients (35.2 baseline versus 33.0 follow-up, P = 0.082). This improvement corresponds to a statistically significant difference between the two groups, with a mean difference of 4.71 [confidence interval (CI) 95% −9.03 to −0.41]. Functional status diminished significantly in both the control group (83 baseline versus 80.7 follow-up, P = 0.009) and intervention group (78.9 baseline versus 76.3 follow-up, P = 0.010), although the difference was not statistically significant (0.33, P = 0.801). Some small and statistically significant changes were observed in pressure ulcer risk and the comorbidity score, these changes not being clinically relevant. There were no significant changes in the number of drugs per patient, cognitive impairment or the mental component of healthrelated quality of life. Table 3 displays resource consumption. Hospital emergency room visits fell in both the control group (0.67 baseline versus 0.44 followup, P = 0.115) and intervention group (0.70 baseline versus 0.48 follow-up, P = 0.070) such as urgent admissions to hospital, although these decreases were not statistically significant. The number of elective hospital admissions increased notably in the intervention group during the follow-up period (0.04 baseline versus 0.13 follow-up, P = 0.057). Both the control group (1.06 baseline versus 0.86 followup, P = 0.422) and intervention group (1.27 baseline versus 0.89 follow-up, P = 0.091) displayed a lower number of urgent visits after intervention, these differences not being statistically significant.
Use of resources
Changes in resource consumption (baseline versus six months follow-up) for each group and their differences are presented in Table 4 . According to these results, the total number of urgent visits decreased more in the intervention group than the control group, with a mean difference of 0.18 (CI 95% −0.48 to 0.84). The resource that displayed the greatest difference between the two groups was the 24-hour emergency service. The number of visits per head to this resource decreased among intervention patients (0.34 baseline versus 0.210 follow-up, P = 0.210) and increased among control patients (0.19 baseline versus 0.23 follow-up, P = 0.699), without significant differences, with a mean difference of 0.17 (CI 95% −0.11 to 0.45). 
Discussion
The patients included in the study met the PCC criteria. They were elderly people with a high level of comorbidity and dependency. Onethird were at social risk and a quarter were receiving care under the Home Care Programme. Among these patients, the addition of telephone coaching provided by an external family physician to usual primary care slightly improved the physical component of their quality of life score but did not change their health and mental status or the mental component of their quality of life score. Patients in the intervention group displayed a slightly higher but not significant decrease in the number of urgent visits, especially to the 24-hour emergency service, than those in the control group.
Nevertheless, during the six-month intervention period both the intervention and control groups made less use of emergency room and hospital services. This is not likely to be due to a seasonal effect, because the recruitment period was long enough to compare different seasons, but possible observational or contamination biases cannot be excluded. Given that intervention was addressed to patients, randomization was done by patient and not by family physician in order to ensure comparability of groups. The family physicians cared for patients included in both the intervention and control groups simultaneously. Therefore, we cannot exclude the possibility that some of them learned from the intervened patients and applied the knowledge to the control group.
Thirty per cent of the patients included in both groups used urgent or emergency services during the six months of follow-up. Telephone coaching did not produce a statistically significant reduction in the use of urgent or emergency services. Other studies using telephone coaching obtained similar results to ours: no decrease in health care service use and expenditure (25) or even an increase in the number of hospital admissions and secondary care costs (12) .
One of the limitation of the study is violation of some assumptions made in the calculation of sample size. The sample size was computed to detect relative changes of 50%. However, according to the results, the intervention allowed to detect relative changes of 30%. Thus, if the patient sample were increased for our study, probably the trend in reduced emergency health service use might become statistically significant, but then the intervention might not be cost efficient, because more family physician telephone coaches ('intervening family physicians') would be needed. Another limitation of the study is that perhaps not all CCPs benefit from a telephone coaching intervention. Future researches focusing on subgroups of CCPs are necessary to verify this assumption.
Contrary results found by other authors might be explained by differences in the health system, population and type of intervention. Three care management programmes for high-risk patients in the United States showed a 46% reduction in the 30-day readmission rate and a reduction of 21% in 30-day readmissions among patients with special needs, but the intervention consisted of a broad package of activities which included telephone coaching in the context of a multidisciplinary team approach (11) . Another randomized American trial showed a reduction in medical costs and a 10.1% decrease in annual hospital admissions among patients with selected medical conditions, while predicting high health care costs (26) . The population comprised patients with some chronic conditions but not exactly matching the CCP profile. Both studies were performed in the context of the American Health Care System, where citizens benefit from health insurance coverage but usually do not have, as the Spanish population does, an assigned family physician and a primary care team providing lifelong continuous and personal care.
The study setting might also explain the results. One Australian review concluded that telephone health coaching can improve health behaviour, self-efficacy and health status, especially in vulnerable populations with difficult access to health care services (14) . Our population had no accessibility problems in physical or economic terms. We studied an urban population in a Barcelona district close to a large University hospital with no copayment fee for the service.
The intervention performed by a family physician in this study did not follow a scripted protocol. We chose this option based on the conclusions of the Australian review evaluating the effectiveness of telephone coaching for chronic patients, which observed that planned and unscripted interventions appeared to be more effective among vulnerable groups: planned calls offer regular contact for a better follow-up and the unscripted aspect allows the coach to tailor support to patients' individual needs (14) .
Several studies show that poor coordination between different levels of care increases the risk of hospital admissions (27) . Telephone coaching seems to improve coordination, but didn't produce a reduction on hospital admissions in our sample. It could be due to current primary care services in our context are already sufficiently coordinated with specialists and hospital services, which might explain why the early detection of decompensations attributable to telephone coaching did not provide additional benefit. Moreover, when decompensation was detected, no additional care resources were available to the telephone coach within the local community and the coach had to refer patients to their family physician or nurse, or directly to the emergency services in the community or at the hospital. Telephone coaching may therefore be effective when included in a comprehensive services package that includes alternative health care services to acute hospital admissions. On the other hand, it can't be rejected that probably the telephone intervention had not much impact on coordination, as has been mentioned by other study (12) .
Despite being one of the secondary endpoints of the study, it was not possible to measure changes in caregiver overburden. The Zarit test is calculable only for informal caregivers. In our sample, only 38 patients (23.6%) had an informal caregiver, and only 28 (17.4%) could be reached to carry out the test. Therefore, there were not sufficient data to draw any conclusions.
In our study, patients in the intervention group showed a significant improvement in the physical component of the SF-12 survey. However, it cannot be considered a great improvement, given that the mean increase is 2.5 points. Evidence for evaluating the impact of telephone coaching on quality of life among CCP is controversial and scarce. One disease management programme carried out in Florida (and which primarily included telephone coaching), did not show any statistically significant intervention-control differences in quality-of-life results (28) . Another controlled trial evaluating telephone-supported care coordination in the Australian veterans population did not achieve improvements in quality of life using either the SF-12 Survey or the EuroQol Group EQ-5D (29) . In the Australian review, seven studies assessed changes in quality of life. Two of them reported significant improvements in the intervention group (14) , but none of them included patients with comorbidity. One Australian study concluded that although quality of life (HRQol) and comorbidities (Charlson score) were predictive factors of acute care use among patients with complex chronic conditions over three years of follow-up, after one year of follow-up this was only true of comorbidities (30) . This suggests that benefits from improved quality of life may take some time to appear. Intervention patients improved the physical component of the SF-12 survey while decreased functional status, what could be related to the fact that the SF-12 is a subjective questionnaire, as opposed to Barthel index.
Conclusions
By way of conclusion, the addition of telephone coaching performed by an external family physician does not improve CCP health or reduce hospital admissions and emergency room visits in health care systems providing continuous and personalized care by primary care teams staffed by family physicians and nurses. Primary care teams already provide continuous and tailored care to patients' individual needs. Family physicians might be more efficiently used as members of a primary care team caring for broad a list of patients than for specialized coaching of CCP by telephone. Studies suggest that there is no single organizational model that best supports integrated care (31). As discussed above, differences between populations may affect the effectiveness of a telephone coaching intervention. Further research is needed in order to evaluate the effectiveness of telephone health coaching in all populations and adapt interventions to individual features and socioeconomic context, as part of an integrated care approach. In bold, statistically significant (P < 0.05) differences between baseline versus six months follow-up. 
